The diverse cultural and social habits of the Papua New Guinea (PNG) population include betel quid chewing and more recently smoking. The formation of DNA adducts from betel quid is mediated by the cytochrome P450 (CYP) enzymes, including CYP1A2. The tobacco smoke compounds can induce CYP1A2. The transcription factor AhR (aryl hydrocarbon receptor) is involved in the regulation of CYP1A2 expression. AhR activity is itself regulated by other transcription factors, including the aryl hydrocarbon receptor repressor (AhRR). The AhRR Pro185Ala (rs2292596; 565C>G) minor allele was recently associated with a lower AhR repressor activity, leading to a higher CYP1A2 inducibility. We investigated AhRR Pro185Ala SNP in the East Sepik populations in PNG and found a high frequency of 53.4% of the minor allele, significantly different from other Asian populations. We can hypothesize that a high frequency of the AhRR SNP can be a risk factor in the incidence of oral cancer and other neoplasias in PNG due to higher inducibility of CYP1A2. The potential role of AhRR pharmacogenetics in the risk of developing cancers associated with betel quid chewing and smoking should be addressed and clarified in future epidemiological studies in PNG.
Developments in high throughput DNA sequencing technology have allowed the establishment of large consortia projects aimed at studying human genetic variation. The two most eminent examples of this type of initiatives are the HapMap (http://hapmap. ncbi.nlm.nih.gov/) and the 1000 Genome projects (http://www. 1000genomes.org/). Most of the population pharmacogenetic data available concerns specific industrialized world populations, namely in Europe, North America, Japan and, more recently, China. One of the objectives of these projects is to add information from developing world populations, by including subjects of African and South American origin. Unfortunately, populations from Oceania have been essentially neglected in these efforts, specifically that of the anthropologically distinct Papua New Guinea (PNG). In this work we have studied for the first time the frequency of a main functionally relevant aryl single nucleotide polymorphism in the hydrocarbon receptor repressor (AhRR) gene among indigenous individuals from this region.
The AhRR is a member of the superfamily of basic helix-loophelix/Per-ARNT-Sim transcription factors, which also includes the functionally related aryl hydrocarbon receptor (AhR). AhRR represses the transcription activity of AhR by competing with this transcription factor for heterodimer formation with the AhR nuclear translocator (ARNT). As an AhR regulator, AhRR is potentially involved in a vast array of normal and pathological processes ranging from xenobiotic response to tumor progression. 1, 2) To date, most studies on SNPs in AhRR biodiversity have focused on the Pro185Ala polymorphism (565C>G; rs2292596). This missense SNP was first reported by Watanabe and co-workers and it was suggested to affect the stabilization of the AhRR/ARNT dimer complexes.
3) Subsequent studies have revealed links between this SNP and human reproductive disorders, such as micropenis, 4) male infertility 5) and endometriosis. 6) Most importantly, this polymorphism was recently shown to influence CYP1A2 inducibility in vivo, 7) with the carriers of the GG genotype being the most inducible. This suggests that the Ala185 carrying AhRR as the one having the lower repressor activity toward AhR.
These observations can be, with caution, put in the context of the social and cancer epidemiology background of these populations.
Oral and liver (hepatoma or hepatocellular cancer) cancers are two of the most prevalent cancers in PNG, both having been associated with betel quid chewing. [8] [9] [10] Similar high rates of oral cancer were reported in the Milne Bay, Madang and East New Britain provinces and along the Sepik River.
11) The composition of betel quid varies geographically but in PNG includes slaked lime, betel nut (Areca catechu) and Piper betel inflorescence. 11, 12) The inflorescence of Piper betel contains high concentrations of safrole, a compound that is known to be carcinogenic in experimental rodents, 13) cell lines 14) and humans. 15, 16) The hepatocarcinogenity of safrole is correlated with its DNA adduct formation, a reaction mediated by a number of cytochromes P450, including CYP1A2, CYP2A6, CYP2C9, CYP2C19, CYP2D6 and CYP2E1. 17, 18) In this context, it is also of note that smoking habits have changed in the last years in PNG with an increase of consumers, particularly among young people. 19, 20) Tobacco consumption is a major factor in cancer mortality, being connected with different types of cancer such as lung, esophagus, mouth and throat. 21) CYP1A2 is induced by polycyclic aromatic hydrocarbons (PAHs) present in cigarette smoke 22) and has been associated in several epidemiological studies with an increased risk for developing certain major types of cancer, e.g. lung and breast. 23, 24) Due to the recent association of AhRR with Pro185Ala polymorphism in CYP1A2 inducibility and the potential role of CYP1A2 in betel quid-and tobacco-related carcinogenesis, we decided to evaluate the genetic background of AhRR in a selected PNG population.
The group of individuals analyzed included 197 unrelated children aged 2-9 years that were previously included in studies to assess malaria endemicity in East Sepik Province, PNG. 25) With informed consent from the children's guardians, finger-prick blood samples on filter paper (31 ET Chr, Whatman, Maidstone, UK) were obtained and stored desiccated at ¹20°C for genetic analyses following the protocol described by Tsukahara and colleagues. 25) This study was approved by the PNG National Department of Health Medical Research Advisory Committee. Genomic DNA was extracted from blood spotted on filter paper using the ABIPRISM μ 6100 Nucleic Acid PrepStation (Applied Biosystems™, Fresno, CA).
The analysis of the AhRR 565C>G SNP (rs2292596; Pro185Ala) was performed through PCR-RFLP methods. Briefly, primers 5A-CAG ACG GAT GTA ATG CAC-3A (sense) and 5A-GTG TAA GGC AAA GCA CAC-3A (antisense) were used for PCR amplification followed by restriction with HaeIII (New England Biolabs, Beverly, MA). Allelic frequencies and confidence intervals were assessed using the program CIA (Confidence Interval Analysis).
26) The statistical analysis was done using the two-tailed Fisher exact test (GraphPad μ QuickCalcs, http://www.graphpad. com/quickcalcs/contingency1/).
The AhRR 565C>G SNP was found to be present in 53.4% of the analyzed Papua New Guinea individuals, being 31.5% in homozygous form ( Table 1) . This SNP was found to be in HardyWeinberg equilibrium (» 2 = 2.9845, p = 0.084). When comparing frequencies observed in PNG for the minor allele with the data presented in the 1000 Genome project (shown in Table 1 ) we observe statistical differences for all the Asian populations presented [Han Chinese in Beijing (CHB, p = 0.0066), Southern Han Chinese (CHS, p = 0.0024), Japanese in Tokyo (JPT, p = 0.0015)]. If we consider the African and European populations (AFR and EUR) the differences are even more statistically significant with p < 0.0001. Our study in PNG is one example that data coming from the high throughput DNA sequencing technology (the 1000 Genome project and similar projects) is important to give a general perspective how the genetic variations are distributed around the globe but should cautiously be used as a reference for specific populations. It is to be noted that to our knowledge, this represents the first report of a description in a random sample of a general population outside the umbrella of these large consortia projects. This is particularly remarkable considering the important role that AhRR 565C>G SNP (rs2292596; Pro185Ala) may have in carcinogenesis.
Our genetic analysis of PNG shows that there is a high incidence of GG and CG carriers ( Table 1) for the AhRR polymorphism studied (rs2292596). Combining these results with the data presented by Hung and colleagues, we can speculate that in PNG there is a higher number of carriers of a less active form of AhRR, one that exerts lower repressor activity over AhR. 7) This is expected to be reflected in a higher inducibility of CYP1A2 and, hypothetically, a higher risk of developing carcinogenic processes upon exposure to PAHs or other environment contaminants. With this scenario, further studies should access such a possibility in PNG, aiding a better understanding of the risk that the consumption of betel quid (chewing) and tobacco (smoking) represents for these populations.
